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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic 
tunnel joining(MTJ) device which can function as a 
magnetic reluctance(MR) reading head linearly 
responding to a magnetic field from a recording 
medium. 

SOLUTION: The MTJ device is constituted of an 
antiferromagnetic layer 116, a fixed ferromagnetic 
layer 118 which is exchange-biased with the 
antiferromagnetic layer so that a magnetic moment 
cannot rotate even in the presence of an applied 
magnetic field 182, an insulating tunnel barrier layer 
120 being in contact with the fixed ferromagnetic 
layer and a detection ferromagnetic layer 132 having 
the magnetic moment which is freely rotable in the 
presence of the applied magnetic field. Respective 
layers are rectangular shapes having parallel flank 
edges and the magnetic moment of the detection 
ferromagnetic layer 132 is bised in a longitudinal 
direction by a bias ferromagnetic layer 150 
magnetostatically connected therewith in the absence of the applied magnetic field. An 
insulating layer 160 prevents shunt of a detection current and magnetostatically connects 
the bias ferromagnetic layer with the detection ferromagnetic layer without exerting adverse 
influence on the resistance of the MTJ MR head. 
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(57) [BKl] (IME*) 

ffiirC (MR) 1* fcUT*MB-eS£«ESll*>* 

)im& (mtj) ^M©ii«o 

MTJ^iit K36»I4J11 16t, BJ 
SDi&J?- 1 8 2©#:£-efc«§^E — ^ > h g&l^ 

8 t x i*»«ttit8ts«» h >*)immm 12 0 

3fc£ti38«tt» 1 3 2 S*<0JB«i¥fTfcflHffi 
> htt»»a*fl9t:»*l5Ufc^>fr^3fi«ttJB 1 5 

o t «fc s 93 sa m ft o ^ # ffi t t* ft ^ 15 so c ; w x * n 
^>o mmm 1 6 cx*. ttffi««©#st*K±u mtj 




1 

±E**±cffljjsi istzm-mm y - h 

±.azmm h >*jvm-&z* yfts«u ^o^^^-y 

*±fcJ&fi8UfclS-*«y-K4:, 
*fflttflr««ffi±©±E**±fc:JBlSU*:-'W7 , ;*lft 

n©^-^ > h tiz&m D^f6Kc±i2^m^iStts©^ 

i^T, ±E*ftffl»*y-K*±EtfeffllII»K:«tt* 

©«««ffi#±BH*#J:V*ffia*ttJI©«»««Sl 

f-^vhtiDftS^ 3ifc1&tBa«s(=t±f3*e*i/l 

[»*a2] ±g3H^*5ctt>-^m^fiStt®©a^ ; E-p< 

¥frfcEfa£ftfc W*aifcE«© 

[M^fl3] ±33H^*S<tVl*til^iS£tS@©^ ; e-^ 
> h {iSiSDJKI?-©??^^ UT-Sv>t:K^t:EiRi*ixfc - 

So 

C»*JB4] ±ffi««JB*±lB«R©y-l t ©'J>fc< fc 

[n«a 5 ] ±i3^-^m y - h- &i&w y - k t- & a , 
sam -#a u - h t saw t: g?fig r a J; -5 c ±ibs«± 

CJBjSS*U ±ffi»z:*«y-Htt±ffiy — ht? 

[issrjm 6 ] ±sdm-mm. y - Hi±iffi y - kt» d , 
±.nmn h tn&±miikih&m&m&± 
e» - y - h t mn#j c aes -r s «t 5 c ±a3Sis ± 



(2 ) *$Hqz 1 0 - 1 6 2 3 2 7 

2 

»>k ±i3®^!iSStt)ikame<](cSbri>sc 
ft!:*-*, lf*JBlCB*ffl««h>*;HS^*B. 

1 y V £ « l£ IB] c jgJBJBtt *" « d 4: fSSfc t "T 2 , 

[11*118] ±g3«fih *>y*H\ #?-ffi£ 

«fc D±ffiB* UlrA^lfilC±ffiH«iS»ttJi©» 
§vE-;< > h*@j£-rsfc»©HS5£«l*JBi:S-rSK 

[11**119] «#Cffimtt£i3S£:h.fc;r-**tftHi-r 

T, 

WAP © # ft ^ @^ SifiSffiB ©SSfc # ft fc t£ «SH 

±EH«*J:rf*ai5S«ttJiK:K«itA©*|qIfc b 

Wmm^-CD^tt bT±83H^^«ffiS©8ai'fb^Iql k.« 
«SBAt±E*fflMl»ttJi©*ft»lRl*«^|qHc:-'W 

3» ©, ±E^<-f T^»»ttJii:lftm3i«ttJi©BBfcaB!H-fc 

amifiiftJli:, 

±s&t&mm t «t t> ±g3^*-r r x n *» e> im« ties ^ 
±iBs-^©a«ii-gSc$*tfe. -*t©**y — h*£ 

t^tam«AS±l3afilF^*ii3lt--5 k, StS«Ett±S3>''«'f 
[IS*^ 1 0] Ifffi^^Ci 5±EB*5S«tt«© 

E«©«ah>*/u»^-«siaiaHaii!)^y p. 

[M&Bl 1] ±E»«y-H©— ^*±EI6*±C» 
fifib. ±ER5S»ttJi*±E*«4:±EH*!t« 

ttHP^T-±I3SIS±tC^fi£b, ±I3@^^?Sttiitt±33 

Mt4a©SS<b^|pl(i±I3S^iKttii k ffl|^M35^l^^(c 
50 [iljRlg 1 2 ] ±E**y- H©— ^*±I3*tS±tf& 



3 

saaatn;a«( 5 »y h q 

EIrI Ufc»fctJ:c *y >>* y vizi* (£¥frT±f2 

[8S#«i 1 4 ] ±iaB;S3S»t£Ji. ±13 b >*;H»S 
±tB*fttH3£«ttJBttu aiSMttli: h >*;H» 

SJittK** y ^4±ffi^WT;*&«ttJIfc3»«y — h 
[0 0 0 1 ] 

(MTJ) *«tBIU «fC, SMWlJfcffllSL&T*-* 
*«#flfc5&fc©«tUStS (MR) -Ny h'fcLTffifflt 
5MTJ8Bl:Bt5 e 

[0 0 0 2] 

[£6*©«ffi] (MTJ) mm\±, 9 

Ox MT J©««U^^>^ft2tto5ft«tt*Offl»W 
[0003] mt jmw&, mn, Htt^y/B®** 
ttffltt, -^©^»ttJi3&»e>flfe^©aijasttJi'NfcMT j 
sir^c htzj: ^ss^tSo tats h >*;i/»sji*« ■ 

asa-^ — (SSfb^fnj) CDffl»fi5r^-f ^> KcfiS 
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4 

ctoT^^^o «ot, SB-03fi»teJBfi*fcr> • 7-f 

a(Z)«^tt«©*j»ttfc:tt#-j-5 0 SS=:3S«.ttJB. 
©fi&m^-y > h ^-sittttjBoata^e-^ > b 

[0 0 0 4] a^ffiln: (MR) KSfcOSR^fc: 
D^NigiFejg) <Dil;S&i&f«g|n; (AMR) »«t 

? [0 0 0 5 ] MR»8i0^y FhbTMTJgl^ffif 
TZZ fct>*B^f|:a5,390 f 061^tia«*nT^5<t 

^x^mu sn (ft^y^x) it^fiT 
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ttffl*«l«-rspajH«»tc, MTJ MRSS^n* 
Ll^o -ffct>t>, AMR*>thliiSot^ 

[ 0 0 0 6 ] 

(C o 

[0 0 0 7 ] 

6 «SiWttt«*tt. ttfft*n»B 

t£/li:£W-r£ 0 MTJ^Mgb>^;i/g^ilft 

fetiTt^s* ^©^^^^{i, ssaattJik, manes* 

^MT'lSf-^ > h ^[UST' t fc v^ J: -5 lcS®l&t£ 

3&tfttaa«ttJii:**-rs. x# 

[0 0 0 8] 

[0 0 0 9 ] H l*T?ii, MRHz I, fc* T'© 

Tt^So CCD? J Zt? • h*7-f7(t *f4 7.>? . H7>f 
^ • ^E-* 1 2 tr^fax-^ 1 4 itt&ft'W'S'*— 
^10t, 1 1 1 0 i:*^- 1 

^^>^*«tt-rs* 1 0 k*^-l 1 R9 
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S-B-f ) £H£ttT£>£ 0 «§l8B»7*-f 1 6 J* 
£ • K7>f7-^-*l 2£/\7'l 8tcJ; DgMKS#T 
SO. ^ — * 1 2 fc.fcSInlEcDBRl::^ X&\*J\7\zm 

*-j~So si^fflit^^ 5 oa*^ i ecomm± 
y^coiiBflBgutuBfiE-rso ci©h^>^^^- 

* FSBiiMRSSBtD'sy HaS^fefiKSSB^**^^ K~e 
*^>f 4^2 0 &H(M4©Hr^T— A 2 2 fctJ-^^V 
^>3>2 4 tj; & 7^f ax-^ 1 4tdgiR-r5o It* 
^>5X3> 2 4li^7'>f^2 0*83187^ 1 6©a 

f£»*fclU K7^f7 • 1 2 tt-JgiSfln?'7V * ^ 

16S@fiU Sfcr^n.^ — * l 4fi»«. 

* y©#>r* • ^^i/ ■ -=e— * (vcm) 

iif^^^ 1 6 (DmtZ-ofzr — ? • b^y^K^-fe* 
[0 0 10]B2li*M-n SBtftW^fc^ • 

^7,^4 ¥2 o *iRi»s**^^aa-rit^^>^3 > 2 

*S13?F^4, 167, 765^- £ ^ £ axfc&fcl CDWatrousIt * ^ 

t?»So cod^-t ^cDifx^<>^3 ^ ^-r 

^>*7^ — If 2 5 £££7^ 1 6 ^^Mlfef 

[0011] H3«SI»»a^^y KSB*5cfcVMR»8l 
40 D^y KSSStSK^lS^y H 2 SfiDKBflBT'* 
^ y n 5(ix7- ■ ^7V >^gl (AB S) * 
®fi8rSfc«)t^^7 P tt±W*tl. ABStt±l3Lfc<t 
Of-^T- • ^7y>^ < t?)|Blgf'f^^ 1 6 (H 
1) ©S®^^P^PB«:*iJ$r5o SWt&'sy HI*. 
P^PS«G 1 i:^-P^P^SG2Patc^*nfeMR^>tf-4 
O^Sl, ^co^-> SgnlHBRJiGl, G2^i-M 

• H7>f7m MR-b>t4 0ttAMR (S^tt 

5^ *g^ii i 2 £*ru ^ne>(i«6S^iii 1 1 1 3p^tc«s 
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«s)tp i tm^mm^rP 2©ab stems bfeaao 

"c©amtt*a^t»ff©pa{3[Hifi^>f 1 6±©muh] 
4 0rt(:iiAU mr*>im ortr*ffiifi£'fb*;e;r 
is (H2) D«L3i£*u a^gRBsei&u 

if • 7 s -* C^^tl^o 0 3 ^bfc&'&^u/ K 2 5 
(4, aa^y K S 2#»&#^y F©S§ 

So fcr*-;W* (0^-tff) T*(4. 

IS 2 tm-MMXP l*5d«UfcJit?*So 

[0012] ±|Bb3fcAMRR«li)^y F *W-TSjI« 
©f&MI2Si^ ** • K^-f >^*JJ:rfH 1 ti>t>m3 tcliB 

^7U>^'^7>fy0ft;bSl:, ** i: 

K^-f ^rtT-C0<t o &^y K * 3ri* V ^T*& J^o 
[0013] IILI^WJ : ##Bt»tts IS 3 ©SK^« 
S^yK2 50MR-b>t4 OCftto D CMT J-fe>t 

[0 0 14] 14t:^lfcMTJ MR^^'V F 
(4, PJWJ1G ia«±t:jg«L/&jSffi*«U — H 1 0 2 
HRtl G 2 ©TO±I*« V - K 1 0 4 fcs ^©i^ 
I#I'J- Kl 0 2 fc±BB*«y-F 1 0 * 

[0015] MTJ100 *S*«;* * '^l 1 

o, igih>^;«ili 2 o, ±iti^^^^ l 3 
o^tt^o smasfct h>*;M»s« i 2 otiggt 

Sifittttil. ^SDiSttttJil 1 8&SUJ41 3 
[0 0 1 6] ilV-F 1 0 2 

«v^l lOit U- h* 1 0 2±tcM*£Wi7 1 >7'l' 
-Ml 12^Sl, ^©r^>7-i/-hjjiii2± 
W*K&Ktt*r»l 1 6©JB*«U -eeOSSSKtt* 1 

tt® 1 1 8*StS 0 mUtm 1 1 814. *<DM^"E- 
* > h&£0(4^b#[R]#. Bfil©iSH"e9ifiDLfc»* 
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So ±®m^^ *>y * 1 3 0 (4 r^tHj ^SStt® 1 3 2 
tfetttJI 1 3 2±tcfl£«Lfc«H»fcS^tt«^JB 1 
34^ft5o &U%ttt$JB 1 3 2teSS£«Ett«lC&8l 

3 2(4. > hftS^ttlKfb^lRl (^EPI 

3 3t^t) AS|JSxr-.^7'J>^8i (0 3) £ 

¥fr£iqiw-e>*u ^omacD«H"eBJ/nib&»iii^#aE 

Ufc^*-CH5E3S«tiJf 1 1 8<DM1k?5fat&&m$i-r 
10 S<£? lcSi££*x&o h>^^II12 0©K-TC0 
11^*^ *y * 1 1 O^HS^^ttS 1 1 8(4, m<TV> 

mmmmx* 1 1 o©-ffl**fBjarsfi3fi«ttJi 

1 1 6 kSftlB6S*5Ckt «t 5H«Ufc»ft^|nl* 
ft^o CCDHSSSiBttJl 1 1 8(DM1bXfa!,Z^7- • 

H4©^EPC0M 1 1 9TS-r<fc-5Cttffi£ilSS-r 

S o 

[0 0 17] 0 4£{i«tfJ3£«t£Ji 1 3 2©fiSfb 

^l^lRjt:;W77t§^4i)co;^7^MttIl 5 
20 0, *5J:TJf»dBSi«t*.JB 13 2 hMT J 1 0 0 cDffecD/f 
1 5 0 5 ««» 1 6 0#^£ 

ftt^So ;W T^SHBttJi 1 50(iCoPt C 

tti&ttffiJi 1 3 2©fl8^rE — * > h 1 3 3 i:Hl^*|q|{e 

^^^n^^^-^>h (^ep i s i x-^-r) *st 

So tfiiftJI 1 6 0(4, U < i4T;i/^ 7* ( A 1 2 O 3) 
a^u* (S i 0 2 ) T% 1 5 0£MT J 1 

0 0*«tV#«y-n0 2 N 10 4^^1^}:l6i 

tftffissattJi 1 3 2 

CMI^o ;W7X^Iffill 5O0S n D pM*t (M 

>ht\ t (4^Kt£«cDJi|t;*T-&£) (4, S^bfeg^ 
^(6l©/W7^$Illl:t5fei6MMftll 3 2 CO 
M*t ^-e&ttftfifc^fc^o- tftiti3£«ttJi 13 2T- 
ffiffl^nSNi (ioo-x)Fe (xj (Xfitt 1 9) GHKSa* 
— ^>M4. C 075P t 13 C r \2<D&ol3iS*>(7Xftm 

eii5o izm^tzmm^msM^ncDm^—A > 

h©jW2flS«!CD7?, A^7^®im 1 5 0©J5£tt'J> 
40 3&<.i:fetftdJ3i«i4Ji 1 3 2c0Jl^O2fgT-$)So 

[00 18] i5 (4EI4CDMT J MR^y KO¥ffiI 
"TftO, G 2JU±fiD/B*l»*U, T«C»S^v H3&s^,* 
•Sct-3 Jc±M««y — K 1 0 4 *^»T*UT»S« - 
6 lttocr- • ^7';>^SI*ct^ MT J 

^to MT J 1 0 0 (4tM ^ ^±©IH^^— ^© h ^ ^ 

• h 7 *y ^c0i|@(4T Wet ££^0 
50 [0 0 1 9] IU6(4x x^f^^ • K^-Y yoirJ XZ<D 
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K©«ff*ia^*r5fc»*«bfcMT J 1 0 0(D^Si5£ 

^ . ^ep 1 8 2 tc ft^snfc^fRUcsati?- 

h * #g£ 1" £ SBSt*- * * W *• & cfc o tcffi ^tit ^ 5 o 
H/£^«&«J1 1 1 8(i. a: 7- • >^^ffi(CES^ 
t^.J:^:, fro." 7^*^fr&©«#;&iRihC«5H¥ 

(Tfes^ttit^fftifii^^nfc^Qi i 8 4T^*n3fcsaE 

MTt^s #1*3 1 8 4ttlB&-r££3fittt£J|l 1 6fr 

£©ij^se8M6'&£ j; oassnso tftmsssttJB 1 3 

1 9 4. 1 9 6 i:**L^ «iaffiJBcsDJB4^-rs. IS 
7^<D XolZ, M T J 1 0 0 ©flbflDJBMU 1132 CDoi y 
^i;Bgt5«»©X7^*«t5o ^attt^tH® 1 3 
2fcJU 0«JD«#©*#STT*B3 1 3 J: -5 

»tt1£JI 15 0it 4fkfiU3fiflSt£Ja 1 3 2 ttaff#-©» 

aK^-f >ttffi*w-#-rsfctf>t:*iq! 133 tmtx^-f? 
#-ra 0 sia^MTj i o ofr^^vr^a i 5 o 

[0020] itnn i # ss-#m y-M02^^ 
S36«f£ji 116. mx&m&rn 118, h >*)imm 
inc. ika^m&m 1 3 2 iii^uti^n, igx 

»«U-H 1 0 44^bTtBS. huM©J:-3K:, 
;ui»SJB 1 2 o*«ns h>*;i/«afitt. h>*;n* 
II 1 2 0t«8bts STSB;E5fi«t£Ji 1 1 8 htft 
U9fiBf£J|l 3 2<Z)«fb©ffl»»lRlOBB»"e»S. «B» 
^-^fr^CDBIHitttftfflSfittttJIl 3 2©Bfb;5Gl* 
^»CD$c9J1 8 7. 1 8 9 tcj; >)^£ti£ *IrI 
1 3 3fre>«ti* J:5tc@KSt5o £tUi3S»tt» 1 
18. 1 3 2<DM^ — * > b©ffl**;&|ql:l3«fcTf b 
;i/m«fi£g;l3o MTJiooof^fiK© 

6 0 tc «t *>ju Txmmxtm 1 5 o^sfctisosKit* 
*u £iz*<D&mm\*su7xmt&m 1 5 o***u 

-F102 N 1 0 4^^l6tt5o l^ll^WJT-li 
^^-fr^5S«tt/i 1 5 OttiBU-H 1 0 2, 10 4fr*> 

SJI 1 2 O^^g^tSE^) U-K©ffi»i:»«-J-5 

±5fc«j«***c4:*RrfB"ca>s. tEo-t, team 1 

6 0fcfc, tftffl»«<3D^8EIW±*fltlllCb. MTJ MR 
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^T^&fiSttJf 1 5 0 {Cct5tfttBS»KttJB 1 3 2-.CO0 

[ 0 0 2 1 ] te»JS 1 6 04J«fcV3iKi4Jl 1 5 0(±3« 

T-tfrtBxSJcj; D*eH/f 1 6 OCliM^ML, 
fcB&«&f£Ji 13 2 (0 4) (Omm^vV 19 4, 19 6 

*&S&f£/I 1 5 Ote-r ;T> ■ tf-A«BiXfl<Z)<£ a fc. 
JSlRltt«rtfia**ffl^T®fiR-rs« ill 9 4, 196 

r^aittttji i s o *m&&mv£m 1 3 2 ^«^-r^i& 

©±8B««*j&jau /wr^3ss«tt« 1 5 o(D±m* 

[0022] m-mmm$fthm$&s m 7*mw&M 
1 5 0 *Kffiy — h 1 0 2 hfflii 9 4, 1 9 60^^ 

— AfeSOii 1 0 075M5 0 0^->^^ h o — A©liffl 

b* 1 0 4*^H778BM 1 5 0 zmnmu-rziz 

0 0 75S5 0 0^f->^^> n — A©a5ST*f#SC hfrT* 
[ 0 0 2 3 ] «i/f 1 6 0 *Mt5i-«8**«ttJ t 
tC. ±ffiy-K«iei 0 4«IBjSJ|l 6 0 JoJiZfM T J 

axfiTojp^O'&tj-ttMT j 1 0 o«it©^j¥Jcitt< 

Wfcitt 1 X^c3av^o !gx^ s ;H7X8Bfil 1 5 Ofr 
6©»«»^«W*s«aS8«tt* 1 3 2 (C^*Wt3lSS 
flUBiff Igj^M 1 6 Q*te!&TZm—7)b 
^^«faxST©»$l4»-IHI»i:»xBIB (G 1 hG 

»*ik> »«##*>*©*-aK*cttfiBxaiR (s 

40 US2) tC^f^o(te>n^ClhiC^-So ii^cDig^JS 
4r>if(4 1 0 0 0^>^ hn-A(D$GHcoG 1 hG2 

1 9 4 . 1 9 6 CD*gJStSl>^2 5 Ofr^ 

4 o o^->y^ h n— ixommtteZo BMbipfc, 

2oo^«LfcT;i/^^-«fUiXfitcJ: 0?KJ5)c*ix 
6 0(4, ;U7Z&M&mi 5 O^MTJ 1 

so o ottfiottUMttttJii 3 2*6««wt:*«-rsa 
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kttH*f\ ££Jg-, B=HIS©J¥££#LTC0/5£ 
#g'hk£nsi$tMiiT-&£o 

[0024] mtjio o m<Dum(Dttmi&item& j £ 

(114) *C-3^Tffif?i-r5 0 MTJIO 0<Dm±Tt&, 

"To 5 nmcoT ail (H^-tfiT) #SJ 
42), /Sffi««U — K 1 0 2CD®ffl*Sifc-r 1 0 - 5 0 n 

(fee) N i giF e i 9 f>71/- hS£D^^$:{^5i^- 
S^ff£>£>££So r>7U- h5$fi8tt/I 1 1 2fcfcfi3fc«t 

CDcfc ^ & f c c&JM. HaifCv T a&S^te 3 - 5 nm 
T a/3 - 5 nmCuCD£d#/I<££Bi^i±T-&So MT 
J^tS^^y^llOit 10-20 nraAui 
1 0 2±(DT a.mmizm,M^itf^4: nmN i 8 iF e 19/ 
1 0 nmMn 50 F e 50 /8 nmN isiF e 19 (1 1 2, 
116, 1 181) y ^;6»e>j5g5« Aul 10 2 

^c1-^o b >*;i/»si 1 2 0 *«f ffi* 0 . 

8-2 nmAll?:77XTlfbt^ ZtizX 
£0 CMAl 20 3 «ib>^;i/gff 1 2 0^ff5o 
±ffimMX? v& 1 3 Of* 5 nmNi-Fe/l Onm 
Ta^^ ( 1 3 2, 1 3 41) T a/1 1 3 

Of*, ±ffi*«y- H 10 4k ItffffltS 2 0 nmA 

u J| lz X <o T & m ffi fir to tl £ o 

[0025] m^fiMT j 1 0 0 <Dmizm&isTmz><D 

T, MT J^©ffiJa& h '>*j\,»mm 1 2 OCDSEfitJC 
<2E&£tiz>zt.lzt£2> 0 fct, K 
1 0 2, 1 0 4©#te®S$,fc IS^jii: 

i§< £ tifiV^Zo zco&olz^ V— K102, 1 

0 4{i«©MRA7 h'S^cfc a»o/$>£Wi 

[ 0 0 2 6 ] igMm«i^^ \y ^ 1 10 ©JB 
5, A 1 2 O 3 h >*;uf?MS 1 2 0 

^ii Ul^o MT J 1 0 Ofli, S^&SStt/f 118* 
<tV»a3S»ttfli 1 3 2©**i«e*i©«§i*-,* > h© 

So Q£JB 1 1 8 ©^e— ^ > h (Dfimt. K&tttt/B 1 

1 BoSElftfl^fSiRWo^fiiJcjt: D^^<^^n5o 5 
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tftfflJB 1 3 2CD^&-^ > h<Z)gE[q]&, Sii^te® 

^ns>o itoBasjttii, rai 1 8cD^fb^iRi 

£Ckfc:<fc OtfetBJB 1 3 2 ft £^T£Ck 

^m/i^n;* (Tw.)"--*ie^ j; t)s<iaiR-rsck(cj; 

ft, MHStttf »Hii©B«t-^ > h $i£ff 1 1 

8c7)SSM^-^ > h (CES^UTlBfRl-ric k£&£ 0 fi£ 

«J3&«f^tMUT*BftT-(i3&V^o tfeffiJB 1 3 2 ®^E- 
^ > hoatU&iBlRHi^W 7;*36»tSJl 1 5 0©W 
ffifc: £ Sfrd C fcASRlffiTfeSo 1 3 2 

S^feaaS^ittS^ft^J: 9 tc, (N i -Fe^ 

[0027] m<D&fflm&M 1 3 2 -ett, s 1 3 2 © 

20 *S##<S^«§t2#CDN i doo-X) F e ( X ) (Xttftl 
9) ©J:5fc«J(4*-r*, tttt&ftttl 3 2k 
^Billl 2 0kCD^ffit?Co»5^liCo (iOO-X)F 
e (x) ftStMiN i uoo-X) F e ( X j (Xtttt6 0) ©SJ 

(100-X) F e (x) &S W£N i (100-X) F e (x) (XttW 6 

o) ©s^as/B^f-a. c©*>rr ©#«*«©«» 
w^sai^ii^ 1132 (D^^froimfo^mfrizmz. 

©HsaiaBttJB 1 i8it h >^;i/P£MJi 120 k©j?. 

30 ffiTCo&SO&Co (100-X) Fe (x)*^^(iNi 

uoo-x) Few (xi^^j60) cDm^m&^-tz^wm 

®Ni (100-X) F e (x)JB**S£Wf s;r k* RTfig-e* 

(100-X) F e ( X ) (Xli»6 0) feSVW^C o (100-X) F 
e( X )-&* (XM7 0) T-f#^nSo *ffiilil«t: 
(i^J 1 - 2 nmft^^o ilfl^to^&jB©fi»W3&aS 
^fr&Ml&$:Mfriz&z.z>z£lz& D-tf ntia^ftS 
.titSStS. 11 1 8©;*S#ASNi-Fe&6. 
M^ciiN i 81 F e i9T-»D, ^^^N i-F eco^JSg 

[0 0 2 8 ] F e-MnZtf&M&mi 16liNi-Mn 

L, Al 2 0 3 P(iajB©ais; < t5||Kfl5t:/hgr^afit** 

tc, S^^SSffiiil l 8©^tt{±, »v^JBHfcicfc!) 
^gl^n^c, Ni, Co, Ni-Fe^, Co-Fe^ 
^> S>SV^^iNi-Fe-C oEtc^OJ; oti.2 ^coSS 

0 z<d^-c 7<Dmmfflmm& i bm«:cd*hi?i¥, usp 5, 



1 

'I II I 
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■465,185£l3«3;h,T^3o 
[0 0 2 9 ] MTJ MRttffiQ^y Kglig^P-fe* : 

-S©Ift(Ui0T*li. £©0 (17, B9, 0 11, HI 
3, 01 5. 01 7, (HI 9) ttffl/rcDJiSrWfcfcS*^ 
— >*JKjffiL£JB©Kffi*3^U £$JfO0 (08, 
010. 012. 014, 016. 018. 02. 0) 
ttJ6©¥ffi0"C» »K B5t«LfcJ;o5B:MTJ MR 

[0 0 3 0 ] £©:7nHr;x©RliB*§SiC?-£&«K M 
T J 1 0 O*f£SflB*©Jitt0 7fr«>0 2 Ot'lifNlt 

*JHfiE*tt^fflT% f®S«Sffl^T7;^> (Ar) 
CDMRJjfaT- 2 0-10 QQe&mnM^&m 

S, MTJl00tZ)M©-SkUT, h>^;i/BIl 
l 2 0£&£7;u^ — £AJi*Wtts$-t*\ SS^T 100 
mTorrtD^^EEk 2 5 W/ c m 2 ©«AS8JK"t? 3 0-2 
4 0»H, r7X7ifh^fTOo :w:J;!)7;k^ 

I* >*;i/W8JB 1 2 OtfJgJS-rs* 771/ AJf 0)7 

[0 0 3 1 ] MTJ^©ffll:h^t*f^l^^ 

»tt*B*-rS*J^3!)S»5 0 MTJ 1 0 OOiffiMtt 
1132 ©^fm^BuT-. ^ h 1 2 

[0 0 3 2] 0 4 JC^StlfcMT J««ttMT J 1 0 0 

U T S ^SStiii * *f Hi U T M T J * Bl& T 2> Z £ * 
T*££o C 5 U&MT JSBBH4 IcSUfeMT J 1. 0 

[0 0 3 3 ] Ki^y r D-lr^{i0 7T-, JSffi V — K 1 0 2 

hMuioo (±mmum i 3 4 *$tr) ©jukamt 

ffitiffitSo Cti«&OJitt08lc^#n5J:a 
i:lI#lV-K 1 0 2<DMVt£.Ji9->mat-t-Zo 0 
9iC^-T, &£>X|§T-te. VV^77Sffl^TMTJl 
00©h^!y^iHTW*®jEdt-rs. 0 9 \CfnT£ o J^, 

h b 1 9 0#U-K 1 0 2*5J:rfMT 

J 1 0 0lca6***LTx h ^y^fi *JBj£-rS3fc«& 
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ica«*n5a Scot, Atc&oTv^a^*»»v — 

H1102Ai:^^>. ^U>^CJ;!)MTJ1003&» 
^it^o «fl/f 1 3 4ffl£»fflfc#»*S**-r££ 

ftHJI 1 3 4*SJtBtt-f • x^>m:kt1? 

[0 0 3 4] 0 1 1;*£>01 2 tc^-f^ic, g§ 

— T;i/^^-Jfi«Ji 1 6 0, C o P t Crff;W7;« 

^kji 150, m~-r)u^j-mmm i e o^y^vu^ 

10 7 Y 1 9 0©BBaS|5*iiLT#rttJ;*H*\ m^^J(C$6^L 

BSJI l 5 OftjBfijrs. j&-7;i^*-JB 1 6 0 
(4. z*«y — F 1 0 2*$J;r/MT J 1 0 0©x r >'^ 
B5Wlc«^ ftiftil00^f)5 0 0^>^hD- 

1WI/H7XI 1 5 0 *iiCT^8S*fPe)3&^^ 
B^rxilSOIiCoPtCr^iSK, -f 

S^ilT-, ^ v<Z)fi# ttWJf 1 3 2 <DB$ 

>*7l/»-& (N7**i|f TWSJfcfifc) ©«B.xv^£R 
tt&fflH;**f 1 5 0eo«M«««a* s »6 

tll> (0 13, 0 14) o ^gC, 'JV^77>f 
T, 7*hUi;^M 9 lcDaffi:y^>fflit:<t!)M 
T J 1 0 0<D?g-?£ttSf5 (7y7Ptti}) ^r^-T^ 
30 (0 1 5. 01 6) o f Lt^t> • ^ U>y**«U 
— H 1 0 2 'NiRjItTmv 8cW""T\ ii/JPC0^;i/ ^tl4 
0©«fm*ffV^ 017. HI 8fcj5*r<fc3fc««#» 
*©±ffi©:7;i- hl/y7M9 1 kr;i/^*- 1 

4 o*»*u 019. 02 o izfr^mm^m-to Zti 

f). #«U — H 1 0 2^<£>BBPfiB©#i#B"t?» >K £ 
£>£MT J 1 0 0 CD±ffi(C±S#mU- K 1 0 4 «;Rj| 

[0 0 3 5 ] MT JSB©»«Wfcffl*fttt*»3fc 

40 ^astttftmai 3 2©«<bSfai 3 3«0 4t^L 

2 075^5 0 0 e©fiT-*ftorfB"e»S. HdttH?>* 
OWhiJ, 5«»fflfttSB^©S5* S H*«tVi 
5(7 SKJttttJBtOfltaf t . £fzm7£&M&m<DM4bM\ztiift 
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U [ (t/SH) xM] Izm^xmihT^o S6o 

t, t = 5 OtT h n — A N SH=10, ooo^r 

>^^ho- A. M= 8 0 0 Oeco^ H d (i4 0Oe 

* s c: h £ o, HdSHfctc-aar^sciii^qifieT* 

$>So 2o©*©^?v>^*8tS— ^ffittpeSSI?- 

j&CQ I BMtttcJ: S*B*SfFas 3 465 J 185^'K:33SB0 5' 

>H4 2&(9^>g&^IiP^<D^l::^L<, CCD^iel 

[0 0 3 6 ] U-K10 4^;^->ffM^tl, MTJ 

1 1 8©KYb*ai«j3&*fqI^a6^Si^S3&sft5 0 
flM£Ji 1 1 8 kS»!B^tl)fc»C0Fe-MnI 1 1 6 

a^asM i i ssjBwfcEiafc^iMs^ess 

;u*p£A*U fflJKStt 1 8 0°CJc±*:f5o Ctf^gte 
F e-Mn©7D v^-V^HSJ; fcift^o C©aKT', 
Fe-MnIBI£8«ttIl 1 8 i: cZ>£#lil/S&£ * 

*T*J1 1 1 6 £ 1 1 8 0»*«StSCi;l: < t!3#>)a 

£ns Q i^Msi 1 1 8 <DMit<Dmfat&mnm^<D 

SnS8#ttEi6©$cffl l 8 4T?sr«t5^ @;£SHKtt« 
i l 8co^E— ji > h^x.y'— . ^ry >^it:l^i 

Set 9TOl«ttt, B^Sfittttifl 1 8©Bfbtt;*« 

[0 0 3 7 ] C©^M©MT J 1 0 OCDgijgW&^giiCO 

■e»W&^*Stc« 1 6 UT*777lltl»ii:{:J:^ 
[0 0 3 8] MT J^gCOpffl^l^B^^. MRM^D^ 
tzo U*»U **Wtt, V U y K • h • ^ USE 
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>&m<DMihJ5mt i 8 osiEife^-y-^nso fit, t& 

r lj S>£W4 roj fr&mfeT&o *til*. &m&m 
[0 0 3 9 ] £t®£l,X, #«K©«/iSlcB8bTJUT 

[0040] ( i ) F^^com^ffiK^^fb^^m-r s^ 
e t mm t z t #> <z>»si b > * e t * ^ 

70 ±i33S-*«y-K±£JB/au 

t5, ±f33i-y — H±£«j«Ufci8§lh >*;t/gi§r;* 
±f3BSm>*;u«^**v*£&ttU ^ 
o^^^±CMlfei-#i'J-F fc,. ±13* W 
»«ttil©fllffi3iy>^6ltc*^ ±f3****©*flRl 

(2) ±«3H«*J«fclftftiii»«ttJi©«« J E-^ > M4 

iEfii$n&ci:*«Fai:-rs, ±12 (1) izmm&mm, 

(3) ±sBB«*5cfcrf«m«Ktt«©«fl ; E-^> htt 

Silts, ±13 (1) £E«©«fth>*;i/«^«H. 

(4) ±l3lfi«»*±l3aR©y-K©iPa:< 4:* 1-3 
40 ^e>±S3^^^^5S«ffiJi*«attJB-rsci:*^afc 

±13 (1) (cffi«o*«h>*;HS^»«. 

(5) ±iHa-*«u-Kttisffly-KT-cfe?), ±ffl« 
ah ^^ii±gaHs»iaaittJi^±s3*— 

c*n, ^fe, ±i3»-»«y-Ktt±sBy-F^»?)x 
±l3*tBSaai4Jii:«S;Wt:SbT^5Cfc*1«ai:-r 
±13 (1) t83«©««b>*;u»^S!«. 

(6) ±83S-««y— KttfiffiU-HT-ft!)\ ±E» 
M h ^(ct±!3^t±i^ffif*ii^±33^- 

so #my-h'(cmm^icSiis-rscfcatc±i3S®±^^ 
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£*U ±ffiSn«S ij - K l±±ffi V - H T- ft 

±ia (i) £«3»©«§ih>*;u«&«B« 

(l) tcffi*©«Mh>*;i/S-&»Ho 

(8) ±83saiah>*;i/ad^^y^(i, niffisifee^ 

JB**6t:*-ra^i:ft«r«i:-ra, ±12 (1) £8B* 

©»Yb^lRltcf5«ifift6D^fSi{c:BE|ql^ti. ±l3«<*A i| S> . 
*fta33»«tt « * * -T S SB — ««i , ±!3HS*J:rJ c tftUi 

•TSi:, R««tt±flB;W:p;*Ji4M££fcfc<±83» 

» b > * ; i/ 1« m m * « j ( s e * ii £ d t * t -r -5 * 
do) ^M^sg^^i id ±iaBS38iB5ttJicoastfb;5' 
Ji**e>t*-rs^i:*«fai:-ri), ±13 o> £13* 

(11) ±>3*«y- K0-;&*±33««±icJB/£U 
frr?, ±ffiS3S«ttJB*±IB*l6k±g3B*Sft«ttJBIB 
t?±EaS*±fc:««L. ±8BH«3i«ttJitt±8Bfi3MS 

ttJi±tcS»lLTJBJ5EU ftLt <fc !)±13HS3SMBtiJi 

^^ti^Ci:4^ai:rs, ±13 (9) tcIBSicoM^h 

(12) ±i3*«y- KflD-»S±I3*«±WfcJ«U 

±a3*«i:±33i»a h >*^»S»<DR8£»W-fcc h4 
«p«i:-ra. ±12 (9) £ffi«©«Sh 

(13) ±IStt£H&Bttj|tt. ±K«ttfc|qlttTK|q|L 
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6Kb&ITffi^y S^fc, 2^>©(iiSiSiS-rsffl!IM3iy ^ 
T^3SK(4Jitt±83 2 c)©ffi|ffiaiyi;t|»SL. ±I3*g 
5 tfttb»KttJB©«fb^|qi«±±a3tfta3i v i? £lSf*¥fr 

tei5fa\zm¥-iz;i-r 7z$tiz>zt*nffiit-r2>, ±12 

i0 (14) ±KH;£3fc«ttJB, ±ffih>*;i/P»S». ±13 

*fcLT®j«£*u ±33*6J»Ji(iK 

y ^*±g3^t>r TX3a«tt«i:*«y — h-^^m^ 

«t*«t«ci:t«fatJ:t5, ±13 (1 1) tcia^cD 

[0 1 ] *^gH^ic J:^MT J MRKK!)^yb'4ttffl 
20 7f»5o 

[02] 0 lt£>^J*^ . y-Qtjj ji— 4|fcf)fift^ 

[0 3] ;H*H£SH\ S§#»a^^y KCBSb 

[114] *«»CJ;5MTJ MRa«i^yKOIIfI 

Ho 

[B5] ^BtiSMTJ MRSKS*!)^* 

Ho 

CDU4, 05(Z)MTJ MRStfR!)-^* F0*Hlio 
[07] *^©MTJ MRKffiD^v h*cD§¥jg£>- 

[08] H7«c»i6-rs»JgXS*^-r«B&¥BSiao 
[0 9] **8«OMTJ MRKffi&^y KcDfiil© — 

[HI 0] H9tc»jsS-rs«igxS*iS-r«l6¥ffil2o 
[Hll] ##gBJ3cQMT J MRSEffiO^v KfiDSiS® 
40 -Xg^fstttMMio 

[012] 01 1 fc:»/«;-r5«iSxg*^*r««¥ffi 

0o 

[013] *^0^©MTJ MRfta^y 

[014] 013 tc^/6-rs»jaxg*^-r«»¥ffi 

0o 

[015] *«»©MTJ MRKflSlO^y 

[016] 015 jcstjES-r5«jsxs*^r*i»¥ffi 

50 0o 



(11) 
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[Ml 7] *8ffiOMT J MRKBt ?> K©»ifi© 

[0i8] in icWiiErssigxss^-rwBS^ffl 

[H19] *««©MTJ MRi&JfcD K©Mit© 

[12 0] in 1 9 tctt/fc-rsfisxg*^ 

13 o 

[«F"5©8MB] 
1 o ^ 

1 1 #>^ — 

7 s >f • K 7 7 • ^E — # 



1 2 
1 3 
1 4 
1 6 

1 8 

2 0 
2 2 
2 4 
2 5 



air— • y >^ 



*SBH¥ 10-162327 
20 



40 MR±>V 

g i nmm 

G2 F^f®® 

10 0 MT J 

10 2. JSH#«y- K 

i o 4 ±ffl23m y - k 
i i o m-mm&mx* 

1 1 2 «h 
i i 6 sssattji 

1 1 8 

120 ii&si h >*;i/»sji 
130 ±a«a^^ry^ 

1 3 2 ftlilMm 

1 3 3 «ft#ia**^tt«fi*-;* > h 

1 3 4 

14 0 iginr;!/ ^ ^-Ji 

15 0 ^-fT^SMBttJi 

1 6 o mmm 

19 0 7^- b h 
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[0 10] 
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[0 18] 



£3 



[El 1 9] 



160 «• 



160 



-140 

-102 



[120] 
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6264 



